Volcanism on Earth is known to occur in three tectonic settings: divergent plate boundaries (such as mid-ocean ridges), convergent plate boundaries (such as island arcs), and hot spots. We report volcanism on the 135 million-year-old Pacific Plate not belonging to any of these categories. Small alkalic volcanoes form from small percent melts and originate in the asthenosphere, as implied by their trace element geochemistry and noble gas isotopic compositions. We propose that these small volcanoes erupt along lithospheric fractures in response to plate flexure during subduction. Minor extents of asthenospheric melting and the volcanoes' tectonic alignment and age progression in the direction opposite to that of plate motion provide evidence for the presence of a small percent melt in the asthenosphere.
T he northwestern Pacific Plate is currently subducting beneath the Kuril and Japan trenches (1) . This plate dates to the Early Cretaceous E150 to 120 million years ago (Ma) (2) ^and is dotted with seamounts and oceanic plateaus, interpreted as having formed during Cretaceous times (3) . The oceanic lithosphere cools as it ages (4) and moves away from the divergent plate boundary. Without the presence of a hot spot, new volcanism is not anticipated. During a dive (10K#56 in Fig. 1B ) via the remotely operated vehicle Kaiko, the sampling of a young alkali basalt E5.95 T 0.31 Ma (5)^near the Japan Trench was unexpected, because there are no known hot spots in the vicinity and recent volcanism has not been reported. In light of this finding, we decided to conduct extensive surveys of the area with the Japan Agency for Marine-Earth Science and Technology research ships Kairei (cruises KR03-07 and KR04-08 in Fig. 1B) and Yokosuka (cruise YK05-06), which is equipped with the submersible Shinkai 6500 (dives 6K#877 to 6K#880 in Fig. 1 , B and D). Ocean floor mapping was carried out with the use of the multibeam survey system SeaBeam 2112, in the direction of plate motion (Fig. 1A) . Two locations were investigated: site A (near the Japan Trench) and site B (located È600 km to the southeast) (Fig. 1A) . These investigations led to the discovery of volcanoes younger than 1 million years old, as well as the presence of a broad lava field. The age difference between the two sites, obtained from plate motion back-calculations, is estimated to be È6 million years (6) . The volcanoes proved to be very small (0.005 to 1 km 3 each; exposure above the sea floor was estimated from bathymetric data), and we have given them the name Bpetit spot[ volcanoes to convey both their size and their location far from known ridges and hot spots.
Volcanic cones and ridges in site A are distinct from the normal sea floor in bathymetric and sonar surveys (Fig. 1, B and C) . Erosion of sediments by the strong bottom current in the trench (7) and local normal faulting has exposed the small volcanoes and ridges. These features are composed of moderately to highly vesicular lavas EÈ10 to 40 volume percent (volume %)^, but lavas recovered along the fault outcrops are generally less vesicular (0 to 20 volume %). Previous 40 Ar/ 39 Ar dating of a lava sample produced an age of È6 Ma (5) Approximately 600 km to the southeast of site A lies site B. This site is much farther from the trench and has not been eroded or faulted. Therefore, only the tops of the volcanic cones (G1 km in diameter) stand above the thick surrounding layer of abyssal sediment. Outcrops of young lava are, however, visible in side-scan sonar images because of their high reflectivity (Fig. 1E ). Dredges and three Shinkai 6500 submersible dives (6K#877, 6K#878, and 6K#879) were carried out at three young volcanoes at site B (Fig. 1, D and E) . The sequences and lithologies exposed are typical of a single eruption and include highly vesicular (up to 60 volume %) pillow lava; waterchilled bombs; and hyaloclastite, peperite, and contact-metamorphosed mud (8) (fig. S1, A and  B) . Glassy rock samples have 1-to 4-mm-thick palagonitic rims (fig. S1C) ; because the growth rate of palagonite in basaltic glass exposed to seawater is È0.003 to 0.02 mm/year (9), the volcanic eruption should have occurred between 0.05 and 1 Ma.
Lavas and bombs from sites A and B contained xenocrysts and xenoliths (composed of basalt, dolerite, gabbro, or spinel peridotite), all of which are typical of the oceanic lithosphere ( fig. S1C ). The presence of xenoliths provides the following constraints on the origin of the lavas: (i) the eruptions must have taken place very rapidly to prevent the xenolith from being absorbed by the host magma; (ii) the magmas probably originated from the mantle, because they contain xenoliths representative of all lithosphere layers; and (iii) brittle lithospheric fractures must have been present to allow magmas to ascend. Finally, the occurrence and geochemistry of olivine xenocrysts from site A lavas imply a derivation from the oceanic lithosphere at depths of È14 km (10); the depth to the base of the crust in this location is 7 to 8 km (11) .
The lava samples were alkalic with steep primitive mantle-normalized rare earth element (REE) patterns (8) 
(fig. S2 and table S2
). This suggests that they formed from small degrees of melting in the presence of garnet, which retains the heavy REEs (990 km deep) (12) . In the standard model of oceanic plates, the 135 millionyear-old Pacific Plate would be È95 km thick (4); thus, the melting probably took place in the asthenospheric mantle beneath the Pacific Plate. The high vesicularity of the rocks was probably caused by the presence of CO 2 , because it is not very soluble in alkalic magmas, in contrast to H 2 O (8, 13).
The composition of the mantle source is important to determine in order to exclude a hot spot origin for the petit spot magmas. Mid-ocean ridge basalts (MORBs), presumed to be sourced from the upper, depleted asthenospheric mantle, have radiogenic noble gas isotopic compositions (for example, low 3 He/ 4 He ratios), whereas ocean island basalts (OIBs) have unradiogenic values. This is because nucleogenic, radiogenic, or fissiogenic isotopes of 21 Ne, 40 Ar, and 129,131-136 Xe are more abundant in the degassed MORB-source mantle than in the OIBsource mantle, which is generally less degassed and may even be undegassed (that is, primitive) (14, 15) . Our samples from site B are highly radiogenic in noble gas isotope compositions, suggesting a similar source to that of MORB ( Fig. 2 and table S3 ) (8) . The high 40 Ar/ 36 Ar ratios (910,000) are higher than any reported for OIBs (16) and are convincing evidence for an upper mantle source.
A key question is whether the volcanoes represent a hot spot fed by a mantle plume. The presence of a tomographically imaged low- al. (17) ; however, there is no evidence for a conduit or connection of any type between this low-velocity region and the shallower mantle. Our geochemical evidence strongly supports a depleted mantle (nonplume-like) source. Furthermore, the volume of magma produced at the petit spot volcanoes must have been several orders of magnitude less than those typical of hot spot volcanoes. We found 4.2 to 8.5 million-yearold volcanoes at site A, suggesting episodic eruption of magma over a distance of 400 km of plate motion. Accordingly, the petit spot volcanic province is characterized by several million years of small-volume magma production over a large area.
Temperatures of the asthenosphere beneath the Pacific Plate have been mapped precisely by means of surface wave tomography, showing that the thermal state of the asthenosphere is notably homogeneous throughout the Pacific Ocean (18) . The temperature at a depth of 150 km is estimated to be between 1450-and 1480-C, which implies that the temperature just below the Pacific Plate is 50-to 150-C lower than the solidus of dry mantle materials (19) . However, at this depth and temperature in the asthenosphere, a small percent melt should exist in the presence of small amounts (G1%) of H 2 O or CO 2 (20) , which lowers the melting temperature. The highly vesicular petit spot lavas probably represent incipient partial melts that formed in the asthenosphere in the presence of volatiles, most plausibly CO 2 . If the magmas were supplied from the normal asthenosphere, with emplacement channels controlled by tectonic fracturing of the overlying lithospheric plate, the low volumes of magma output over a large area could easily be explained.
An old and cold lithospheric plate behaves elastically and may be flexed because of loading by an ocean island or seamount or by subduction-related plate flexure (21) . In the area between sites A and B, the bathymetric high (or outer rise) is aligned parallel to the Japan Trench. The Pacific Plate flexes convexly here, as it subducts beneath Japan and yields a positive gravity anomaly (22) . This flexed region is elevated 9800 m above the normal ocean floor (È6000 m below sea level at site B). Large curvatures imposed on the preflexed lithosphere might instigate brittle fracturing (that is, bending-induced faults) (23) . As for volcanic cones at site A, the volcanic features, aligned in a west-northwest to east-southeast direction, are essentially perpendicular to hinge lines on the bending plate (Fig. 1, A to C) . Accordingly, it appears that magmas are brought to the surface along fractures parallel to the direction of the maximum horizontal compression. However, the surface compression is actually caused by extensional stresses on the base of the downwarping Pacific Plate (Fig. 3C) .
Post-erosional-stage lavas on some of the Hawaiian Islands, as well as submarine lavas on the flexural Hawaiian Arch (because of loading on the plate), have chemical compositions and tectonic emplacement mechanisms (24) that are similar to those of the petit spot lavas. It has also been proposed that alkalic lavas in the western Samoan Islands (located on the opposite side of the main Samoan hot spot shield volcanoes) may be derived from the asthenosphere during tectonic faulting (25) . If true, a similar style of volcanism may be present 20 Ne/ 22 Ne ratios of less than 10 were not plotted (8) . Literature and data for MORB and OIB may be found in the following online databases: Petrological Database of the Ocean Floor (www.petdb.org/) and Geochemistry of Rocks of the Oceans and Continents (http://georoc.mpch-mainz. gwdg.de/georoc/). on other oceanic plates where extensive flexure and fracturing are taking place. Investigating these types of areas may prove to be a fruitful endeavor and result in the detection of other small volcanic features. For example, we have also observed volcanic cones and/or highly reflective sonar images, similar to those observed at the petit spot, elsewhere on the Pacific Plate (site C in Fig. 1A) ; these small cones will be examined further in the near future.
Early in the theory of plate tectonics, the presence of partial melts in the asthenosphere was considered to correspond to the solidus of Earth_s mantle (1, 26) . This hypothesis was supported by observations of a seismic lowvelocity zone, a highly electric conductive layer, and an experimentally determined peridotite solidus in the presence of volatiles (27) . More recently, the argument for the existence of partial melts in the asthenosphere has been weakened by studies, such as laboratory measurements of mantle material (28) and the predicted rheology of the mantle (29) , that question its necessity. Therefore, this documentation of young alkali basalts on the old Pacific Plate provides new and strong support to the long-standing idea of the asthenosphere as a zone of partial melt. 
